ELECTROMAGNETIC CHARACTERISTICS OF STATES 172 Yb 

Ph.N. Usmanov 12 , A. A. OkhunovH, U.S. Salikhbaev 1 , R. 
Rajabbaev 3 

institute of Nuclear physics Academy of Science of Uzbekistan, 
702132,Tashken; 

2 The Namangan engineering - economic institute, Namangan, 
Q ■ Uzbekistan: 

3 Specialization of high and middle educations development center 
S : of MHMSE RUz, Tashkent, Uzbekistan. 



oo 



00 
(N 



Abstract 



To describe the ground (gr) and excited states of even-even deformed nuclei with the 
phenomenological model, which takes into account the mixing ground (gr), 0^(/5i)-, 
O3 (P2)-, 2^(71)-, 22X72)- and K n = 1+ rotational bands the calculation has been done 
for the isotope 172 Yb. The energy specterum is described. The reduced probability of 
electric quadrupole, monopole and dipole magnetic transitions from the states 0+ and 
2+ - bands to the ground (gr) state band is calculated. A non adiabatic effect in the 
energy and electromagnetic characteristics is discussed. 
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In last year the interest to study the properties of the deformed nuclei has 
especially raised in connection with discovering of new collective isovector 
magnetic dipole modes. The measured energy values under the mentioned 
above conditions of such fashions testify that they are located not so high 
as the excitation spectrum, and the account of mixing of conditions isovec- 
tor magnetic modes with low - lying states can lead to interesting physical 
phenomena [E]. 

The 172 Yb nucleus is the most studied nucleus. It has many clearly ob- 
served K w = + bands with the developed rotational structure. Some of these 
bands include levels with enough spins [3]. In (n, 7) reactions, large number 
of 7- transitions taking into account conditions on levels below 2 MeV are 
also investigated 7- beams unloading these conditions [3] . 



L E-mail: aaokhunov@rambler.ru 



1 



The experimental and theoretical works are devoted to studies of rota- 
tional levels properties. In the majority of these works characteristics of 
electromagnetic transitions P, ID, G2, E] are studied. 

Experimental values of B{E2) on the low - lying levels K n = 0+ and 2+ 
bands P, IH El E], as well as ratio values Xj(E0/ E2), dimensionless matrix 
elements £"0- transition p(E0) and factor of multipole mixture 5(E2/M1) 
are available [71 El El CDS CEH 15] • Last years, were dedicate to intensive 
experiments for definition of low - lying collective states K n = 1 + in the 
deformed nuclei, in particular in isotopes 172 ^ l7 ^ 17G Yb, and to development of 
their theoretical researches. 

The present work studies electromagnetic characteristics of the 172 Yb iso- 
tope. The resulted probabilities and matrix elements for £"0- , E2- and Ml- 
transitions, as well as multipoles mixture factors are calculated. These cal- 
culations were performed within the phenomenological model [6], in which 
mixing of low - lying conditions, (3 V , 7^ and rotational bands are considered. 



2 Model. The energy spectrum 

The application of the phenomenological model gives more interesting in- 
formation about the states rotational bands Coriolis mixing to explain un- 
expected effects. The basic states of the Hamiltonian include ground (gr), 
O2 (A)~5 ®t(02)~i 2i~(7i) - j 2^(72)- vibrational and K n = 1+ rotational bands. 
The Hamiltonian of the model is written as [5] : 

H = H rot (I 2 ) + H° KfK ,(I) (1) 

here H rot (I 2 )- is rotational part, 

H^K'i 1 ) = -uk$k,k> ~ uj ro t(I)(j x ) K ,K>x(I, K)5 k ,K>±i (2) 

where {j x )K,K'~ is the matrix element (m.e.), describing the Coriolis coupling 
of rotational bands, and co rot (I)- is the angular frequency of core rotation 
(tu rot (I) = dE cor (I)/dI), ujk~ head energy bands and 

X(/,0) = 1, x(/ , 1) = [1 - -1- ]1/2 
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The eigen wave function of Hamiltonian is 



21+1 ( ^.T „T , n , . _ ^K'JC v 

X 



\ IMK> = \W ^AW+E^j 



x Mr lO (0)* + (3) 

here iff*, K ~is the amplitudes of the basis state mixing. The states consist 
of (5+i/) bands, where v- is the number of included 1 + - states. It includes 
ground |0 > state bands and the single - phonon h\_ 2i ^S >= 6^|0 > with 
K n = + , 2 + and 1+- rotational bands. 

By solving the Schrodinger equation 

H^kn = ( 4 ) 

we obtained wave function and energy of states with positive parity. 
Total energy of states is determined by following equation 

E° n (I) = E rot (I) +<(/). (5) 

Energy of rotational core E rot (I) can be determined by different methods, 
for example, by Harris parameterization [TO] of the angular moment and 
energy. 



i(i + i) = j&> rot (i) + j 1 <4 ot (i) 

Erot(I) = \/rot(I) + \jl"Ul) (6) 

where Jq and J\- parameters of inertia of rotational core. We propose for 
small spin the energy of rotational core conceders with the energy of ground 
rotational bands [TT]. The values of these parameters were obtained from 



equation (6) by using experimental data for the ground bands energy for 
/ < 10. Head energy ground band state and j3 n - band were taken from 
experiments, so that they are not influenced by the Coriolis forces. Matrix 
elements of Coriolis mixture rotational states (j x )K,K' and head energy 7- 
bands (cj 7 ) , were determined by fitting the calculated energies spectera with 
positive parity states from experimental data. In this case, (J x )k,i 1 = {3x)k,i 2 - 
Parameters of the model are presented in Table 1. Theoretical and exper- 
imental spectra energy are given in the figure 1. One can see from fig. 1 
that our model describes the energy of positive parity states well. From the 
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energy spectrum we can see that energy and 71 bands are close to each 
other. These effects must be shown in the electromagnetic transitions, which 
is different their from adiabatic values. 



Table 1. Parameters of calculations 



cj 7i 


u l2 




{jx)f3i,l v 


{jx)l3 2 X, 






Jo 




1.395 


1.530 


0.106 


1.167 


0.778 


0.525 


0.625 


36.37 


1 



cuk~ is the bandhead energy; 

{jx)K,K'~ is the matrix element at Coriolis mixture; 
Jo and J\- is the inertia moment. 



3 Electric quadrupole transitions 

The reduced probability E2 transitions between type (3) states are given as 

peg: 

B(E2;IiKi I f K f ) = |< I f K f \\ m(E2; M ) || UK, >| 2 (7) 

The calculated electric E2- transitions from the state UK, to the ground 
state bands IfKf P, d2] are 



B(E2; I,K, - I,gr) = ^[♦^♦* Jf ,C$ a > + £ «Sf.^»^C&J + 

V§[*£ qr E <zil^£i* , 2 _ x + E ] f (8) 

n \/l + Ojr„ .0 n a/1 + OfiT n 



Here rax =< gr\fn(E2)K 7r >, if^ = + , 2 + and 1+ are some constants, 
which can be obtained from the experimental data, Qo intrinsic quadrupole 
moment of nuclei, Cj, K ^ K . +Kf y are Klebsh - Gordan coefficients. 

In the adiabatic approximation, the reduced probability of E2 transitions 
from the (3- and 7- vibrational bands are given by: 

B rot (E2; IS - I f gr) =| m C^ 20 | 2 (9) 
B rot (E2; l a - //pr) =| m 2 C^ 2 _ 2 | 2 (10) 
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which allows mo and m-2, parameters calculation by using experimental data 
[B]. However, when they are close to each other, they strongly mix even at 
1 = 2 and adiabatic approximation (9) and (10) cannot be used (becomes 
inapplicable). 

Calculated probabilities E2- transitions from 0+ and 2+- vibrating bands 
onto levels of the ground band and resulted matrix elements E2- transitions 
from states 0^, 2^ and inside of the ground band are calculated. Comparison 
of experimental data 0, IB] and calculated values of quadrupole transitions 
probabilities are presented in Table 2. The calculated and experimental [1] 
values of the reduced matrix elements E2- transitions from states 0^, 2^ 
band to inside of the ground (gr) bands are given in Table 3. One can note 
that E2- calculations probabilities were calculated by using the following 
values of m parameters: 

rrifc = 12.65e • fm 2 ; mp 2 = 0.374e • fm 2 ] 

m 7l = 1.5e • fm 2 ; m l2 = 1.5e • fm 2 ; 

mi 1 = 14. Oe • fm ; m\ 2 = 9.0e • fm ; 

The values of intrinsic quadrupole moment is taken as Qq = 791 fm 2 [B]. One 
can see from Tables 2 and 3 that the experimental data is well reproduced 
when the above model is used. 
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Table 2. Reduced probability E2— transitions 



IiKi - IjKj 


experiment 


theor 


IiKi - IfK f 


experiment 


theor 




b(E2) nig 


B(E2) 




B(E2)Biig 


B{E2) 


0/?i -h. 0#r 


— 


— 


271 -» Opr 


75(6) 


54 


OA 2pr 


160(50) 


160 


271 -> 2#r 


121(12) 


90 


2A 2</r 


52(8) 


41 


471 — » 4gr 


67(12) 


85 


4/?i — > 4gr 


— 


29 


271 -> 4#r 


6.8(7) 


5 


2A 0#r 


14(1) 


31 


371 — > 2<gr 


152(11) 


143 


2A 4^r 


140(20) 


90 


371 -> 4#r 


79(6) 


64 


0/3 2 0#r 


— 


— 


272 -> Opr 


32.(4) 


27 


0/? 2 2pr 


0.14 


0.14 


272 -> 2#r 


51(7) 


46 


2& 2gr 


12(1) 


29 


472 -> 4#r 




47 


4/? 2 -> 4#r 




75 


272 -> 4#r 


3.3(4) 


2 


2/? 2 Ocjr 


3.4(2) 


21 


372 2#r 


54(7) 


42 


2/3 2 4^r 


1.0(1) 


1 


372 -► 4#r 


22(3) 


22 


Table 3. Reduced matrix elements E2 - transitions (eb) 


IiKi J/if/ 


Expe pE] 


Theor 


1^ - //if/ 


Expe pi] 


Theor 


271 ->■ Oe/r 


o.208l« 


0.164 


2gr — >• Ogr 


2.45±0.12 


2.50 


271 -»■ 2gr 


o.250±8:8il 


0.212 


4<?r — » 2gr 


3.76±0.19 


4.0 


271 -»■ 4gr 


0.06318:88! 


0.050 


6gr — > 4gr 


5.34±0.27 


5.05 


471 — ► 4gr 


o.46i8:S 


0.260 


8gr — ► 6gr 


5.90±0.30 


5.91 


471 ->■ 2#r 


n 99 +0.07 
u - zz -0.05 


0.112 


lOgr — ► 8gr 


6.71±0.34 


6.66 


371 ->■ 2<gr 


0.326(11) 


0.316 


12(/r — >• lOgr 


7.01±0.35 


7.33 


371 — »■ 4gr 


0.235(6) 


0.212 


14gr — > 12gr 


o-J-^-0.43 


7.95 


2A Otjr 


0.09018X 


0.124 


2A 4#r 


n 97+0.02 

u - z ' -0.08 


0.212 


2A 2#r 


0.162l8ffi 


0.143 


4ft -»• 4#r 




0.162 



4 Electric Monopole transitions 

Electromagnetic transitions are important for in the understand the nature 
and analyze various modes of nuclear excitations. Type of electric monopole 
transitions are of special importance. They are connected with interesting 
and poorly studied aspects of nuclear structure. 

The main of £"0- transition is due to Columb interaction of nucleon with 
atomic electrons. The other, ones as well as electromagnetic and other inter- 



6 



actions are not important. One orient - phonon E0- transitions are forbidden 
because of angular momentum conservation. 

The monopole transitions are usually accompanied by strong quadrupole 
transitions. When it is impossible to determine the life - time of the level 
being studied, one measures the magnitude of E0/E2- mixing 

X '( E0 / E2 ) - B(E2;i^f) - B(E2;w/) {U) 

where p- is the dimensionless matrix element of £"0- transition and R$ = 
tqA 1 ^ is nucleus charge radius. The transitions between monopole states are 
compared with E2- transitions from + - level to the 2 + - levels, nearest to 
the last state in E0- transition. 

For the reduced of probabilities of £"0- transitions from the K n = 0+ state 
bands to the ground rotational bands within present model we find that [B] : 

Xj(E0; IOi - Igr) = {£ m (^ Xr, 9 r + K^o*)}, ( 12 ) 

where v- quantum number of + - bands, that is included to the basis states 
of the Hamiltonian (2), m =< gr \ m(E0) | 0^ > are the matrix elements 
between intrinsic wave functions for the ground - state and the 0+- bands, 
which are numerical parameters and determined by experimental data. For 
the adiabatic case equation (11) may be rewritten as: 

X,(E0/E2) = X (E0/E2) (2/ ^ ) | 2 [ ) +3) (13) 

where 

X (E0/E2) = BmOQ^Ogr) = < 2 
° y 1 } B{E2-m v ^2gr) [ m J K ' 

Using experimental data m' for the 0+ level, it is possible to determine 
X^ xp {E0/E2) by (14). 

In case when the parameter mo u is obtained by adiabatic equation (9), 
definition of parameters m' Q by (14) is accurate since 0+ levels are not pre- 
treated by the Coriolis forces. The value of parameters of m 0y , obtained 
from the experimental data [3], are found to be m 02 = 2.154e • fm 2 and 
m' 03 = 0.641e • fm 2 . 
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The values of Xr(E0/E2) and p(E0) for the transitions from state (3\-, 
02~, 7i~ and 72- bands are given in Table 4, along with the experimental 
data [HI [15] • The experimentally observed K- forbidden £"0- transitions 
may be described within our phenomenological model. Availability of these 
transitions can be explained by mixture of states 71- and 72- bands with j3i~, 
02~ state bands. 

Table 4. Characteristics of E0 - transition between the 



excitations states 



IKi- 


+ IK f 


experiment 




theor 








p(eo) m 




p(E0) 


0A- 


->■ Ogr 


0.028(4) 


0.048(7) 


0.029 


0.048 


2A- 


-> 2gr 


jO.106 


0.038(6) 


0.11 


0.11 


40i- 


-> 4pr 


0.020 


0.02(2) 


0.15 


0.14 


271 - 


-> 2#r 


jO.002 


0.02(2) 


0.002 


0.02 


4 7 i - 


-> 4gr 


0.029(20) 


0.05(2) 


0.006 


0.05 



5 Magnetic dipole transitions 

Within the present model, the probability of Ml- transition from the one - 
phonon state to the ground rotation bands levels is a given by equation [5] : 

B(M1; IK - I'0 gr ) = |- I £ V^&K^Cfg^gK' ~ 9r) + 



+ ^m'^UGZo I 2 (^) 2 - (15) 

here gx~ intrinsic g- factor bands with K 7^ 0. 

The rare - land and transuranium region on deformation nuclei of gR- 
factor have the following value qr = 0.4±0.1 (gu = Z/A) [1] from systematic. 
In the adiabatic approximation, the transitions from IK n = 11 + state we have 
0: 

B(M1; 11+ - 00+) = |^(^) 2 ' 0.02K) 2 . (16) 

Using the experimental data of Ml- transitions probability it is impossible 
to calculate m 1 parameters. For the magnetic momentum of state we have 



s 



the following equation: 



= 9rI + £ I Vk>,k I 2 {9K> - 9r) + ^rn'^l^i^ j^. (17) 

Usually, instead of the Ml- transitions reduced probability one can use the 
coefficient of the multipole mixture 5, the value of which was determined 
experimentally by 



S(IiKi -> I f Kf) = 0.834 • Ery(MeV) 



<IfK f 


| m(E2) | 




< tf K f 1 


m(Ml) 


I > 



,. (18) 



In the adiabatic approximation for the transition inside one state band 
with K ^ the equation (18): 



6 = 0.933 



eQ 



9k ~ 9r VP - 1 



(19) 



where, E 7 - energy of 7- transition. The theoretical and experimental values 
of S(E2/M1): Hj are given in Table 5. 

Table 5. The multiple mixture coefficients 5(E2/M1) 



UK, I f K f 


Ery 


exp. 


theor. [TBJ 


theor. 


271 igr 


1.387 


5 1+1-1 

-O-i— 1.6 


-4.42 


-3.5 


371 -»■ 2gr 


1.471 


-7.3+y-; 


-6.01 


-6.5 


371 -> 4#r 


1.289 






-4.4 


471 — ► 4gr 


1.398 


-1.1183 and -42.0™ 


-2.20 


-1.8 


571 — > 4gr 


1.532 






-3.9 


571 — ► 6gr 


1.252 






-2.9 


272 ->■ 2#r 


1.530 


8.0^ 


-2.36 


-3.7 


372 ->■ 2gr 


1.622 


17.93;? 


-2.15 


-3.0 


372 -> 4#r 


1.441 


5 8 +07 


-1.56 


-2.2 


472 — ► 4c/r 


1.543 


9.0^° and -0.84±8"g 


-1.23 


-2.5 


572 — > 4:gr 


1.667 


6-4^ 


-1.2 


-1.6 


2A 2#r 


1.039 




5.80 


1.7 


4/?i — > 4#r 


1.026 


0.87iag 


2.89 


0.78 


6/?i — > 6gr 


0.997 


n fi o+0.07 
u - Dt3 -0.07 


1.82 


0.46 


2/? 2 2#r 


1.398 


> 2.2 


-0.50 


3.5 
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From Table 5, one can see, that the used model [5] with the two Ml- tran- 
sitions operator parameters reproduces well multipole mixture coefficients 
5(E2/M1) for (3\ — ► gr, 71 — ► gr and 72 — ► transitions. It should be noted 
that the multipole mixture coefficients of 8{E2/M1) for the f3\ — ► gr, 71 — ► gr 
and 72 — >• gr transitions are equal to zero in the adiabatic approximation. 

6 Conclusions 

Our calculations taking into account the Coriolis mixture of positive - parity 
states give good agreement with experimental data. 

The energy spectrum experimental data, probabilities of electric 
quadrupole and monopole transitions from 71- and 72- band to 

the rotational levels ground state bands are in good agreement in the present 
model. Thus within our theoretical analysis it is possible to explain the E0- 
transition from the state 71- and 72- band and Ml- transition from the state 
7i~ and 72- bands to the ground bands level, which is forbidden by 
adiabatic approximation. 
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